and evaluated 11 E. angustifolia microsatellite markers for use in population genetic and paternity studies.
METHODS AND RESULTS
We developed microsatellites for E. angustifolia using an enrichment protocol that prescreens for microsatellite repeats before ligating into a vector ( Glenn and Schable, 2005 ) . Approximately 10 μ g of DNA from an E. angustifolia individual was cut with an Rsa I restriction enzyme. Double-stranded linkers were added to the ends of the DNA fragments to provide primer binding sites in future PCRs and to assist with ligating the fragment into a vector.
We prescreened for trinucleotide microsatellite regions using Dynabeads magnetic beads (Life Technologies, Grand Island, New York, USA) with a microsatellite oligonucleotide attached, either (AAG) 8 , (AAC) 6 , (AAT) 12 , (ACT) 12 , (ATC) 8 , or (AGC) 6 . The resulting fragments were ligated into a vector and cloned. We sequenced the clones on an ABI 3730 DNA Analyzer (Life Technologies) using Sanger sequencing. The development process resulted in sequences for 50 trinucleotide microsatellite regions ranging from six to 18 repeats.
We developed primers for all 50 microsatellite regions using Primer3 version 0.4.0 ( Rozen and Skaletsky, 2000 ) . The criteria inputted into Primer3 were optimal primer size of 20 bp (minimum 18 bp, maximum 27 bp); CG content of primer between 20% and 80%; optimal primer melting temperature of 60 ° C (minimum 57 ° C, maximum 63 ° C); a maximum self-complementarity score of 8; and a maximum 3 ′ self-complementarity score of 3. Of the 50 microsatellite regions, 20 loci were variable and had consistent amplifi cation following optimization. We tested these 20 loci for allelic diversity, Hardy-Weinberg equilibrium (HWE), and repeatability; 11 performed well ( Tables 1 and 2 ) . None of these 11 loci showed evidence of null alleles (tested using MICRO-CHECKER version 2.2.3; van Oosterhout et al., 2004 ) . Two loci were amplifi ed by the same primer pair (Ech13 and Ech13Z) but had nonoverlapping alleles and were not linked (tested using FSTAT version 1.2; Goudet, 1995 ) . These loci potentially represent a duplicated region in the genome with an insertion in one of the regions.
We collected and dried leaves (82 total) from adult E. angustifolia plants that were collected as seed in rural western Minnesota, USA, from three remnant populations: Staffanson Prairie Preserve (SPP; 45 ° 48 ′ 58.09 ″ N, 95 ° 44 ′ 53.78 ″ W), 72 ° C, followed by a fi nal 10-min elongation step at 72 ° C ( Table 1 ) . For the remaining three loci (Ech03, Ech07, and Ech28), an M13 sequence tail (5 ′ -CACGACGTTGTAAAACGAC) was added to the forward primer. The tail was also attached to a fl uorescent label (for methods see Boutin-Ganache et al., 2001 ) . Two sequential PCRs were conducted with a fi nal 15-μL PCR volume. The fi rst PCR had the same reaction recipe and profi le as the other eight primers except that it only consisted of 13 cycles. For the second PCR, an additional 2.5 μ L of PCR MasterMix 2 × , 2.5 μ g/ μ L of BSA, 0.125 mM MgCl 2 , and 2 μ L of water were added to the product from the fi rst run. In addition, 0.25 μ m of tagged M13 primer (fl uorescently labeled) was added to the reaction. The second PCR had the same profi le as the fi rst PCR but consisted of 27 cycles and used an annealing temperature of 55 ° C for all three primers. Amplifi ed products were analyzed on a Beckman Coulter CEQ 8000 Genetic Analysis System version 9.0 (Beckman Coulter, Indianapolis, Indiana, USA).
The 11 microsatellite loci have between three and 14 alleles ( Table 2 ) . For each of the three populations, we calculated the number of alleles per locus, observed and expected heterozygosities , and deviation from HWE using GenAlEx version 6.5 ( Peakall and Smouse, 2012 ;  ( Table 2 ) . We extracted DNA from the leaf samples using either a modifi ed cetyltrimethylammonium bromide (CTAB) method ( Chaudhry et al., 1999 ) heterozygosity ranged from 0 .366 to 0.955 (mean = 0.673, SE ± 0.26), while the expected heterozygosity ranged from 0.375 to 0.845 (mean = 0.670, SE ± 0.023). The samples from the largest population (SPP N = 41) were used to evaluate the loci's informative power for paternity studies. The polymorphic information content (PIC), nonexclusion probability for identity, fi rst and second parents, and parent pairs were calculated using CERVUS 3.0 ( Kalinowski et al., 2007 ; Appendix 1) . The combined paternity exclusion probability across all loci was 0.9994.
CONCLUSIONS
In this study, we developed and evaluated 11 microsatellite markers for a native prairie plant, E. angustifolia . We demonstrated that the markers are polymorphic across three populations of varying sizes and in HWE. The markers also have a high paternity exclusion probability and should be informative in paternity assignment-based pollination studies. To the best of our knowledge, this is the fi rst set of primers for a herbaceous tallgrass prairie perennial. We believe that these primers will provide researchers and land managers with vital information on the genetic consequences of prairie fragmentation, including assessment of genetic variability, genetic differentiation, and pollination patterns within and among remnant populations. Note : N = sample size of population; NE-1P = fi rst parent nonexclusion probability; NE-2P = second parent (fi rst parent known) nonexclusion probability; NE-I = identity nonexclusion probability; NE-PP = parent pair nonexclusion probability; PIC = polymorphic information content.
